(19) 



J 



EuropSisches Patentamt 
European Patent Office 
Office europ en des brevets 



(11) 



EP 0 953 608 A1 



(12) 



EUROPEAN PATENT APPLICATION 

pubJished in accordance with Art. 158(3) EPC 







03.11 .1 999 Bulletin 1 999/44 


C08K5/00, C08L 51/06, 


(Qi \ Anntiratinn niimhor' QfiO^fiQT? fl 


C08F 255/00 


(22) Date of filing: 25.08.1998 


(86) International application number: 


PCT/JP98y03764 




(87) International publication number: 




WO 99/10435 (04.03.1999 Gazette 1999/09) 


(84) Designated Contracting States: 


• YASUKAWA, Yoshiyuki 


DE GB 


Tokyo 1 03-0027 (JP) 




• ENDOU, Kenji 


(30) Priority: 27.08.1997 JP 24605297 


Tokyo 103-0027 (JP) 


(71) Applicants: 


• ASAMI, Shigeru 


Tokyo 103-0027 (JP) 


• TDK Corporation 


• YAMADA, Michihisa 


Chuo-ku, Tokyo 103-0027 (JP) 


Aichi 477-0032 (JP) 


• NOF CORPORATION 


• MORIYA, Yasuo 


Tokyo 150-0013 (JP) 


Tokyo 156-0044 (JP) 


(72) Inventors: 


(74) Representative: 


• YAMADA, Toshiaki 


Wise, Stephen James et al 


Tokyo 103-0027 (JP) 


C/O RAWORTH, MOSS & COOK 


• TAKAHASHI, Takeshi 


36 Sydenham Road 


Tokyo 103-0027 (JP) 


Croydon, Surrey CRO 2EF (GB) 



< 

GO 
O 
(D 

CO 

in 
Oi 

o 

Q. 
UJ 



(54) HEAT-RESISTANT, LOWLY DIELECTRIC HIGH-MOLECULAR MATERIAL, AND FILMS, 
SUBSTRATES, ELECTRIC COMPONENTS AND HEAT-RESISTANT RESIN MOLDINGS 
PRODUCED THEREFROM 



(57) The invention provides a heat-resistant, low- 
dielectric polymeric material that is preferably a copoly- 
mer in which a non-polar a-olefin base polymer seg- 
ment and a vinyl aromatic copolymer segment are 
chemically combined with each other, and that is a ther- 
moplastic resin showing a multi-phase structure in 
which a dispersion phase formed by one segment is 
finely dispersed in a continuous phase formed by 
another segment. It is thus possible to achieve a poly- 
meric material that is excellent in heat resistance, has 
high strength, and has a low dielectric constant and a 
reduced dielectric loss, and so is suitable for an electri- 
cal insulating material for high-frequency purposes. 



RG.3 



toa — 



GRAnoopavtERto 




XCC 3000 uoo 
nsQUENCYIMHt) 



Primed by Xerox (UK) Business Services 
2.16.7/3.6 



EP 0 953 608 A1 



Description 

BACKGROUND OF THE INVENTION 



5 ART FIELD 



I0(«1] T.e presen. invention -elates ^-eraUy to a nov^J^aKe«^ 
LbJates. electronic parts and 
present invention is concerned w:th a '0*^'^'^*'':-^°"?^^.'^ ^^^^^^ range and close contact with or adhe- 

,0 a low dielectric loss tangent, .s transfer molding and extrusion 

sion to metals and metal toils as ^"^'^ "^^^^^^ the like that is prepared by thermal fusion 

75 BACKGROUND ART 

IO0O2] Tomeetrecentsh.p.....-.nthec,uantityofinfo— 
LaL weight reductions, an. 

lating materials capable of mc^tK^ TJ^ZrnhJ^ and digital portable phones, and satellite communi- 

.0 used for hand-portable mob..o ^^^^^^^ reducHons. and high-density packing 

cations are in high-frequency r«-r. ca.0r,ng °^ ess of communications equipment 

Of housings, substrates and -« ^f^";^^^ ^"//^Tl"^^^^^^^ communications equipment used 

used as these communcatK>o.. For J^"^ ^^^/^^^^^^^^ , is now required to develop an electrical insu- 

in the high-frequency band ^'"-::^''°Tntmis^on ^^^^^^ combinrwith suitable low dielectric charac- 

lating materia, with e.c^.e., ^./^^^--yJ^an^^^^^^^^^ ^^^^^^.^^.^^ ^^^^^ 3 ^„ed 

teristics. In other words, a a^<r ^^"'^fL^^J' "^^'^^^^ 

dielectric losses. The ene-o .o-^ *• • not P^^'^^^f,"^^^^^^^^^^ energy losses occur due to a dipole field change 
curt, and discharged .n the c I^.^Xcy ^ to ionic polarization and electronic 

caused by dielectric poia,u.«t..- . ^^^J^^^J^^'^'^y ° Y ^^^^^^ ^le dielectric 

polarization. The ratio betw^ --3> , J" ^j^eS represented by tan 5. A dielectric loss 

material per cycle of an ahc * .ef^ed ^^/If *f J*^^^^^ of material. Consequently, 

is proportional to the prod^ c . • — ^^^.fJ^^i^^^^X Jeg^^^^^ the quantity of heat generated per 

tan 5 increases with .nce*^ ^ - I f^fZtrorlc Sments To reduce the dielectric loss of a dielectric 

unit area increases due to ^ ^ jT^L° ^ u^^^^^^^ a7mall value for tan 6. By use of a low- 

material as much as poss.-. * ' '^^^ ° loss the Sel.ric iSs and the generation of heat due to elec- 

dielectric polymeric mate, a- r^.-^ . • *x^»o "^^^^^^^^^ ^e reduced. Materials having reduced transmis- 

trical resistance are reduce, w. . ^ ^^/^^"^^^^^^^^^ n^hlrequency communications. For materials 

rr^rs^jTeir-r^^^^ 

crosslinkable polypheny.*^ u..^ ^ :::^*j:STaTe'usL" an electronic part (element) material, however. 
[00031 When mate.«b • ™e ^^o^ set forth in JP-B 52-31272. have a grave disadvantage 

polyolefinssuchaspolyetM,^ '^^'^^'Z^^^Z't^l^^^^^ resistance as electrical properties. This « 
that their heat resistance e ^-^T tr>ey have ^^^^^^ ' ^^^^^ For this reason, their elec- 

because they have a covaie^ ^ ^^J^^^J^^^^^^^^^ high temperatures^hus. 

trical properties (dielectric to^ oe^^ „ , fo, capacitors, etc. The polyethylene and poly- 

such polyolefins are not .^"^^^^^^^^^^ onto a conductive material using an adhesive 

rgrn^^r— ^^^^^^ 

Trfg for instance, because it is ve,y c»«<u.. .o make the thickness of - ^^^^^ ^^^.^^^^^ .etardance. 
lo'0O4] The vinyl chloride resin nas Ngh '"-'-^lon r^^ance a^d ^^^^^^ ^^^^^^ 
but it has the demerits of lacking heat -es.^ance f vTnylidene f luohde resin, trifluoroeth^ene 

100051 Polymers containing a f^.oe atom in .^^^ dielectric constant, low-dielectric 
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dielectric polymeric materials tor ^e^eral P^o^^^^^^^^^ hence, they are class«ied as an insulating 
ance because their allowable maximum °* according to JIS-C4003. 

material for electrical equipment into heat reastance dass B or ° P ^^^^ ^pp^), unsaturated pol- 
10006, Ontheotherhand.thethermose«ingre.^^^^^^^^ 

yester resin, and phenolic res-n are mentioned ^['fJ^^J"^"^'^^^^ resistance, dielectric breakdown 

6-192392. the epoxy resin conforms to ^'^"f ^^^'^^^^^^ are obtained because of a relatively high 

strength, and heat-resistant temperature. ^^^^^^ ^^^^'^^^^^^^^ poor in the abilrty to form thinfilms. In 

dielectric constant of 3 or greater. The epoxy res.n "^^^^^"^^^ obtained by blending polyphenylene 

addition, a curable modified PPO resin Jf^^^^^^^^^ and adding a radical polymerization ini- 

TaS^treCdC^S^^^^ 

TJ.r, Withaviewtoinprovingtheepoxy^^.^^^ 

conducors (layers), proposals '^■''>>^'"J""°''^ IS^er aS,o^h thase copolymers may satisfy eledrtal 
a,«J pertluoroelhylan, mor^mer wnh -"T,^^^^' ^Sr haal resiiLs remains worse under *a 

:rcrr^S"r:rpnini.r:s^^^^ 
;s:,rrnT^rnr.rrreitr{rr^i^^^^^ 

nsulation resistance, there is heat resistance. That is. such a ^"^^^ ^^^^^^ fabrication process. Stated 

temperature of at least 260»C because a -'^-"9 ScSHi^s ch as alkali resistance, humidity 

othenvise. the material should also be excellent .n .^^^^^^^^^ capable of meeting such require- 

resistance, and mechanical properties, ^hus- ttie range d hi^^^^^^ J poiysulfone. thermosetting 

ments is further limited. For instance. PO V'-^f iS^Se art. While these high-molecular mate- 

polyphenylene ether (PPE). and polyethylene terephthalate ^^^^^^J^J^;^^^^^^ « is found that they are somewhat 
Sals are capable of forming thin films and «'"^'"9J"^'°^.;j^^^^^ ^ sp^ coSng the aforesaid high-molecular mate- 
awkward. In a process of fabricating an insulating -.s spin coated, followed by evaporation 
rial is dissolved in an organic solvent to form a dilute sok^on.jm^^^^^^ 

of the solvent, yielding an insulating film. f 5^"^^^,'^^^^^^^^^ film b^use they are a polar yet 

solvents for polyimide. and poiysulfone are V .fj^'^^ i^^utt to place the surface smoothness and con- 

high-boiling solvent and so have a low evapora^^^on ^J^^''^^l°J^J^^^ ether resin, too. is poor 

SUMMARY OF THE INVENTION 

10010] one object of the present invenf^n is to provide a ^'^^^^^^^^^^^^^ 
K^:rt2SS.c.thei.entionistoprovid^filmwh.^^ 

material rtself, and which has a low-dielectnc ^""^'^^^^ of the invention to provide a 

ance. weather resistance, and processabilit.^ such ^^J^'^";^ '^^^^^^^ a low-dielectric constant and is 

substrate which is obtained by lamination of two or more ^"^^.^^"^^^^^ 

improved in terms of insulating properties, heat -^'^^"j^^^;^'^^^^^ ,ow-dielectric-constant 
Still yet another object of the invention is P^°-^"" ' ^^"^^^^^^^ object of the invention is to pro- 

;Sh^^nrrr;;:^^=in^ 

Iw)121 Such Objects are achieved by the inventions defined below as (1) to (14). 
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hydrogen atoms in said composition is at least 99%. and some or all resin molecules have a chemical bond there- 
between. 

(2) The heat-resistant, low-dielectric polymeric material according to (1), wherein said chemical bond is at least one 
bond selected from crosslinking, block polymerization, and graft polymerization. 
5 (3) The heat-resistant, low-dielectric polymeric material according to (1) or (2), wherein said resin composition is a 

copolymer in which a non-polar a-olefin base polymer segment and/or a non-polar conjugated diene base polymer 
segment are chemically combined with a vinyl aromatic polymer segment, and which shows a multi-phase struc- 
ture wherein a dispersion phase formed by one segment is finely dispersed in a continuous phase formed by 
another segment. 

10 (4) The heat-resistant, low-dielectric polymeric material according to (3), which is a copolymer with said a-olefin 
base polymer segment chemically combined with said vinyl aromatic polymer segment. 

(5) The heat-resistant, low-dielectric polymeric material according to (3) or (4). wherein said vinyl aromatic polymer 
segment is a vinyl aromatic copolymer segment containing a monomer of divinylbenzene. 

(6) The heat-resistant, low-dielectric polymeric material according to (4) or (5), which is a copolymer chemically 
75 borKled by graft polymerization. 

(7) A heat-resistant, low-dielearic polymeric material, wherein a non-polar a-olefin base polymer containing a mon- 
omer of 4-methylpentene-1 is added to the resin composition according to any one of (1) to (6). 

(8) The heat-resistant, low-dielectric polymeric material according to any one of (1) to (7), which is used in a high- 
frequency band of at least 1 MHz. 

20 (9) A film of at least 50 (im in thickness, which is obtained using the heat-resistant, low-dielectric polymeric material 
according to any one of (1) to (8) . 

(10) A substrate obtained by lamination of films, each according to (9). 

(11) The film according to (9), which is used in a high-frequency band of at least 1 MHz. 

(12) The substrate according to (10). which is used in a high-frequency band of at least 1 MHz. 

ss (13) An electronic part, which is obtained using the heat-resistant, low-dielectric polymeric material according to 
any one of (1) to (8) and used in a high-frequency band of at least 1 MHz. 

(14) A heat-resistant resin article obtained by forming the heat-resistant, low-dielectric polymeric material accord- 
ing to any one of (1) to (8) into a given shape. 

30 BRIEF EXPLANATION OF THE DRAWINGS 

[0013] 

Frgure 1 is a TEM photograph of the graft copolymer according to the present invention. 
35 Figure 2 is a general schematic of a ring resonator used for estimation of substrate's characteristics. 
Figure 3 is a graph illustrating a substrate's Q value vs. frequency relation. 
Figure 4 is a general perspective view of a chip inductor. 

EXPLANATION OF THE PREFERRED EMBODIMENTS 

AO 

[0014] The present invention will now be explained in great detail. 

[0015] The heat-resistant, low-dielectric polymeric material of the invention is a resin composition comprising one or 
two or more resins having a weight-average absolute molecular weight of at least 1 .000, wherein the sum of carbon 
atoms and hydrogen atoms in said composition is at least 99%, and some or all resin molecules have a chemical bond 

45 therebetween. The resin composition having such a weight-average absolute molecular weight, when used as a heat- 
resistant, low-dielectric polymeric material, ensures sufficient strength, sufficient close contact with or adhesion to met- 
als, and sufficient heat resistance as well. A resin composition having a weight-average absolute molecular weight of 
lower than 1,000 is poor in mechanical physical properties, heat resistance, etc., and so is not suitable. The weight- 
average atisolute molecular weight is more preferably 3.000 or greater, and even more preferably 5,000 or greater. 

50 Then, the upper limit to the weight-average absolute molecular weight is usually about 10,000.000 although not critical. 
[001 6] In the resin composition of the invention, the sum of carbon atoms and hydrogen atoms should be at least 99% 
so as to convert existing chemical bonds into non-polar bonds, thereby ensuring that the resin composition, when used 
as a heat-resistant, low-dielectric polymeric material, has sufficient electrical properties. On the contrary, it is not pref- 
erable that the sum of carbon atoms and oxygen atoms is less than 99%. and especially the number of polar molecule- 

55 forming atoms, e.g., oxygen atoms and nitrogen atoms, is larger than 1%. This is because electrical properties become 
insufficient, and especially the dielectric loss tangent becomes high. 

[0017] Examples of the resin forming the aforesaid polymeric material are homopolymers and copolymers of non- 
polar a-olefins (hereinafter often referred to as (co)polymers) such as low-density polyethylene, ultra-iow-density poly- 
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ethylene, very-ultra-low-density polyethylene, high-density polyethylene, low-molecular-weight polyethylene, ultra-high- 
molecular-weight polyethylene, ethylene-propylene copolymer, polypropylene, polybutene. andpoly(4-methylpentene). 
(co)polymers of monomers of conjugated dienes such as butadiene, isoprene, pentadiene, hexadiene, heptadiene, 
octadiene. phenyibutadiene, and diphenylbutadiene. and (co)polymers of monomers of carbon ring-containing vinyl 

5 such as styrene, nucleus-substituted styrene, e.g.. methylstyrene, dimethylstyrene, ethylstyrene. isopropyl-styrene, and 
chlorostyrene. and a-substituted styrene, e.g., a-methystyrene. a-ethylstyrene, divinylbenzene. and vinylcyclohexane. 
[0018] Polymers consisting of units of one single non-polar a-olef in monomer, one single conjugated diene monomer, 
and one single carbon ring-containing vinyl monomer are mainly exemplified above. However, it is acceptable to use 
copolymers obtained from monomers of different chemical species, for instance, a non-polar a-olefin monomer and a 

10 conjugated diene monomer, and a non-polar a-olefin monomer and a carbon ring-containing vinyl monomer. 

[0019] Thus, the resin composition is comprised of these polymers, i.e., one or two or more resins. However, it is then 
required that some or all resin molecules be chemically bonded with each other. In other words, some resin molecules 
may be in a mixed state. Since at least some resin molecules are chemically bonded with each other, the resin compo- 
sition, when used as a heat-resistant, low-dielectric polymeric material, ensures sufficient strength, sufficient close con- 

15 tact with or adhesion to metals, and sufficient heat resistance as well. However, the resin conposrtion, when it is only 
in a mixed state and has no chemical bond, is insufficient in terms of heat resistance and mechanical physical proper- 
ties. 

[0020] Although not aitical, the form of the chemical bond in the present invention may be a crosslinked structure, a 
block structure or a graft structure obtained by known methods. Preferred embodiments of graft, and block structures 

so will be given later. For instance, it is desired that the cross-linked structure be obtained by heating preferably at a tem- 
perature of the order of 50 to 300°C. Crosslinking may also be achieved as by electron beam irradiation. 
(0021 ] The presence or absence of the chemical bond according to the present invention may be identified by finding 
the degree of crosslinking, and graft efficiency, etc. in the case of the graft structure. This may also be confirmed by 
transmission electron microscope (TEM) photographs or scanning electron microscope (SEM) photographs. For 

2S instance, a TEM photograph taken of an Ru02-stained super-thin fragment of the graft copolymer to be explained later 
in detail) that is a graft copolymer A in Example 9) is attached hereto as Fig. 1 . From this photograph, it is found that 
one polymer segment, in the form of fine particles of approximately up to 10 pm. and more specifically 0.01 to 10 nm. 
is dispersed in another polymer segment. In a simple mixture (polymer blend), on the contrary, both the polymers have 
no compatibility with each other unlike a graft coplymer; that is, dispersed particles become large. 

30 [0022] A first prefen-ed embodiment of the resin composition of the invention is a thermoplastic resin that is a copol- 
ymer in which a non-polar a-olefin base segment is chemically combined with a vinyl aromatic polymer segment, and 
which shows a multi-phase structure in which a dispersion phase formed by one segment is finely dispersed in a con- 
tinuous phase formed Ijy another segment. 

[0023] The non-polar a-olefin base polymer that is one segment in the thermoplastic resin showing such a specific 
35 multiphase structure as explained above should be either a homopolymer of units of one single non-polar a-olefin mon- 
omer or a copolymer of two or more non-polar a-olefin monomers, obtainable by high-pressure radical polymerization, 
moderate-or low-pressure ion polymerization, etc. Copolymers with a polar vinyl monomer are not preferable because 
of a dielectric loss tangent increase. For instance, ethylene, propylene, butene-1. hexene-1 , octene-1 and 4-melhylpen- 
tene-1 are mentioned for the non-polar a-olefin monomer in the aforesaid polymer. Among others, ethylene, propylene. 
40 butene-1. and 4-methylpentene-1 are prefen-ed because of providing a non-polar a-olefin base polymer having a low- 
dielectric constant. 

[0024] Examples of the aforesaid non-polar a-olefin (co)polymer are low-density polyethylene, ultra-low-density pol- 
yethylene, very-ultra-low-density polyethylene, high-density polyethylene, low-molecular-weight polyethylene, ultra- 
high-molecular-weight polyethylene, ethylene-propylene copolymer, polypropylene, polybutene, and poly(4-methylpen- 
45 tene). These non-polar a-olefin (co)polymers may be used alone or in combination of two or more. 

[0025] Such non-polar a-olefin (co)polymers have preferably a weight-average absolute molecular weight of at least 
1,000. The upper limit to this molecular weight is about 10,000,000 although not critical. 

[0026] The vinyl aromatic polymer that is one segment in the thermoplastic resin showing a specific multi-phase struc- 
ture should be of non-polarity, and examples thereof are (co)polymers of monomers such as styrene. nucleus-substi- 

50 tuted styrene, e.g. . methylstyrene. dimethylstyrene. ethylstyrene isopropylstyrene. and chlorostyrene. and a-substituted 
styrene, e.g., a-methylstyrene, a-ethylstyrene, and o-, m-, and p-divinylbenzene (preferably m-divinylbenzene and p- 
divinylbenzene, and more preferably p-divinylbenzene). The use of the non-polar polymers is because the introduction 
of a monomer with a polar functional group by copolymerization is not preferable due to a dielectric loss tangent 
increase. The vinyl aromatic polymers may be used alone or in combination of two or more. 

55 [0027] Among the vinyl aromatic copolymers, a vinyl aromatic copolymer containing a monomer of divinylbenzene is 
prefen-ed because of a heat resistance improvement. Examples of the divinylbenzene-containing vinyl aromatic copol- 
ymer are copolymers of monomers such as styrene, nucleus-substituted styrene. e.g., methylstyrene, dimethylstyrene, 
ethylstyrene. isopropylstyrene and chlorostyrene. and a-substituted styrene e.g.. a-methylstyrene and a-ethylstyrene 
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with a divinylbenzene monomer. 

[0028] Although the ratio between the divinylbenzene monomer and the vinyl aromatic monomer other than the divi- 
nylbenzene monomer is not critical, it is preferred that the divinylbenzene monomer accounts for at least 1% by weight 
of the copolymer so as to satisfy heat resistance to solder. While it is acceptable that the divinylbenzene monomer 
5 accounts for 100% by weight of the copolymer, yet it is prefen-ed that the upper limit to the divinylbenzene content is 
90% by weight in view of a synthesis problem. 

[0029] Preferably, the vinyl aromatic polymer that forms one segment in the invention has a weight-average absolute 
molecular weight of at least 1.000. While the upper limit thereto is not critical, it is usually about 10,000,000. 
[0030] The themoplastic resin having a specific multi-phase structure according to the present invention comprises 5 
10 to 95% by weight, preferably 40 to 90% by weight, and most preferably 50 to 80% by weight of the ol^in base polymer 
segment. Stated othenwise, the vinyl base polymer segment accounts for 95 to 5% by weight, preferably 60 to 10% by 
weight, and most preferably 50 to 20% by weight of the thermoplastic resin. 

[0031] The thermoplastic resin having too low an olefin base polymer segment content is not preferable because the 
resultant formed article becomes brittle. Too much olefin base polymer segment is not again preferable l^ecause the 
IS dose contact of the resin to metals becomes worse. 

[0032] Such a thermoplastic resin has a weight-average absolute molecular weight of at least 1 .000. Although the 
upper limit thereto is not critical, it is usually about 10,000,000 in view of formability. 

[0033] Exanples of the copolymer having a structure wherein the olefin base polymer segment and vinyl base poly- 
mer segment are chemically combined with each other are block copolymers, and graft copolymers, among which the 
so graft copolymers are particularly prefened by reason of ease of preparation. Note that it is acceptable for these copol- 
ymers to include olefin base polymers and vinyl base polymers with the proviso that they do not deviate from the char- 
acteristic features of the block, and graft copolymers. 

[0034] The thermoplastic resin having a specific multi-phase structure according to the present invention may be pre- 
pared by either chain transfer processes or ionizing radiation irradiation processes, all well known in the art However, 
25 most preference is given to the following process for the reasons that high graft efficiency prevents the occurrence of 
secondary coalescence due to heat so that high performance is effectively obtainable, and that the process is simple in 
itself. 

[0035] A detailed account will now be given on how to prepare the graft copolymer that is the thermoplastic resin 
showing a specific multi-phase structure according to the present invention. One hundred (100) parts by weight of an 

3D olefin base polymer are suspended in water. Apart from this, 5 to 400 parts by weight of a vinyl aromatic monomer are 
used to prepare a solution in which there are dissolved 0.1 to 10 parts by weight, per 100 parts by weight of the vinyl 
monomer, of one or a mixture of radically polymerizable organic peroxides represented by the following general formula 
(1) or (2) and 0.01 to 5 parts by weight, per a total of 100 parts by weight of the vinyl monomer and radically polymer- 
izable organic peroxide, of a radical polymerization initiator that is decomposable at a temperature of 40 to 90°C so as 

35 to obtain a half-life of 1 0 hours. The suspension, to which the solution is added, is heated under such conditions as to 
prevent substantial deconnposition of the radical polymerization initiator, so that the olefin base polymer is impregnated 
with the vinyl monomer, radically polymerizable organic peroxide and radical polymerization initiator. Then, the temper- 
ature of the aqueous suspension is elevated for the copolymerization of the vinyl monomer and radically polymerizable 
organic peroxide in the olefin copolymer, thereby obtaining a grafting precursor. 

40 [0036] Then, the grafting precursor is kneaded together in a molten state at 1 00 to 300°C, so that the graft copolymer 
of the invention can be obtained. By kneading a mixture of the grafting precursor with a separate olefin or vinyl base 
polymer in a molten state, too, the graft copolymer may be obtained. The most preferable graft copolymer is obtained 
by kneading together the grafting precursor. 



General Formula (1^ 




Ri O R2 O R4 



55 [0037] In general formula (1), R-) is a hydrogen atom or an alkyi group having 1 to 2 catbon atoms, R2 is a hydrogen 
atom or a methyl group, R3 and R4 are each an alkyI groip having 1 to 4 carbon atoms, R5 is an alkyI group having 1 
to 12 carbon atoms, a phenyl group, an alkyl-substituted ph nyl group or a cycloalkyi group having 3 to 12 carbon 
atoms, and mi is 1 or 2. 
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10 

[0038] In general formula (2), Re is a hydrogen atom or an alkyi group having 1 to 4 carbon atoms. R? is a hydrogen 
atom or a methyl group, Re and Rg are each an alkyI group having 1 to 4 carbon atoms, Rio is an alky! group having 1 
to 12 carbon atoms, a phenyl group, an alkyl-substituted phenyl group or a cycloalkyi group having 3 to 12 cartjon 

75 atoms, and mg is 0, 1 or 2. 

[0039] Examples of the radically polymerizable organic peroxide represented by general formula (1) are t-butyl per- 
oxyacryloyloxyethyl carbonate, t-amyl peroxyacryloyloxyethyl carbonate, t-hexyl peroxyacryloyloxyethyl carbonate, 
1,1,3,3-tetramethylbutyl peroxyacrytoyloxyethyl carbonate, cumyl peroxyacryloyloxyethyl carbonate, p-isopropylcumyl 
peroxyacryloyloxyethyl cart)onate, t-butyl peroxymethacryloyloxyethyl carbonate, t-amyl peroxymethacryloyloxyethyl 

20 carbonate, t-hexyi peroxymethacryloyloxyethyl carbonate, 1 . 1 ,3,3-tetramethylbutyi peroxymethacryloyloxyethyl carbon- 
ate, cumyl peroxymethacryloyloxyethyl cartxinate. p-isopropylcumyl peroxymethacryloyloxyethyl carbonate, t-butyl per- 
oxymethacryloyloxyethyl carbonate, t-amyl peroxyacryloyloxyethyl carbonate, t-hexyl peroxyacryloyloxyethoxyethyl 
carbonate, 1,1,3,3-tetramethylbutyl peroxyacryloyloxyethoxyethyl carbonate, cumyl peroxyacryloyloxyethyoxyethyl car- 
bonate, p-isopropylcumyl peroxyacryloyloxyethoxyethyl carbonate, t-butyl peroxymethacryloyloxyethoxyethyl carbon- 

25 ate. t-amyl peroxymethacryloyloxyethoxyethyl carbonate, t-hexyl peroxymethacryloyloxyethoxyethyl cartranate, 1 .1 .3.3- 
tetramelhylbutyl peroxymethacryloyloxyethoxyethyl carbonate, cumyl peroxymethacryloyloxyethoxyethyl carbonate, p- 
isopropylcumyl peroxymethacryloyloxyethoxyethyl carbonate, t-butyl peroxyacryioyloxyisopropyl carbonate, t-amyl per- 
oxyaayloyloxyisopropyl carbonate, t-hexyl peroxyacryioyloxyisopropyl carbonate, 1,1,3,3-tetramethylbutyl peroxyacry- 
ioyloxyisopropyl carbonate, cumyl peroxyacryioyloxyisopropyl carbonate, p-isopropylcumyl peroxyacryioyloxyisopropyl 

30 cartHjnate, t-butyl peroxymethacryloyloxyisopropyl carbonate, t-amyl peroxylmethacryloyloxyisopropyl cartwnate, 
1,1,3.3-tetramethylbutyl peroxymethacryloyloxyisopropyl carbonate, cumyl peroxymethaayloyloxyisopropyl carbonate, 
and p-isopropylcumyl peroxymethacryloyloxyisopropyl carbonate. 

[0040] Exemplary compounds represented by general formula (2) are t-butyl peroxyaliyi carbonate, t-amyl peroxyallyl 
carbonate, t-hexyl peroxyallyl carbonate, 1,1,3,3-tetramethylbutyl peroxyallyl cartwnate, p-menthane peroxylallyl car- 

35 bonate, cumyl peroxylallyl carbonate, t-butyl peroxyallyl carbonate, t-amyl peroxymethallyl carbnoate, t-hexyl per- 
oxymethallyl carbonate, 1,1,3.3-tetramethylbutyl peroxymethallyl carbonate, p-menthane peroxymethallyl carbonate, 
cumyl peroxymethallyl carbonate, t-butyl peroxyallyoxyethyl carbonate, t-amyl peroxyallyloxyethyl carbonate, t-hexyl 
peroxyallyloxyethyl carbonate, t-butyl peroxymethallyloxyethyl carbonate, t-amyl peroxymethallyloxyethyl carbonate, t- 
hexyl peroxymethallyloxyethyl carbonate, t-butyl peroxyallyloxyisopropyl carbonate, t-amyl peroxyallyloxyisopropyl car- 

40 bonate, t-hexyl peroxyallyloxyisopropyl carbonate, t-bulyl peroxymethallyloxyisopropyl carbonate, t-amyl peroxymethal- 
lyloxyisopropyi carlDonate, and t-hexyl peroxymethallyloxyisopropyl cabonate. 

[0041 ] Among others, preference is given to t-butyl peroxyacryloyloxyethyl carbonate, t-butyl peroxymethacryloyloxye- 
thyl cartx>nate, t-butyl peroxyallyl carbonate, and t-lxityl peroxymethallyl carbonate. 

[0042] The graft efficiency of the thus obtained graft copolymer is 20 to 1 00% by w^eight. The graft efficiency may be 

45 determined from the per cent extraction by solvent of an ungrafted polymer. 

[0043] The graft copolymer of the non-polar a-olefin base polymer segment with the vinyl aromatic polymer segment 
is preferred for the thermoplastic resin show/ing a specific multi-phase structure according to the present invention. For 
such a graft copolymer, however, it is acceptable to use a non-polar conjugated diene base polymer segment instead 
of or in addition to the non-polar a-olefin base polymer segment. The diene base polymers already mentioned may be 

50 used as this non-polar conjugated diene base polymer, and may be used alone or in combination of two or more. 
[0044] It is to be noted that the non-polar a-olefin base polymer in the above graft copolymer may contain a conju- 
gated diene monomer and the non-polar conjugated diene base polymer may contain an a-olefin monomer. 
[0045] According to the present invention, it is also to be noted that the obtained graft copolymer may be crosslinked 
with divinylbenzene. etc. This is particularly preferable for a divinylbenzene monomer-free graft copolymer because its 

55 heat resistance is irrproved. 

[0046] A block copolymer, too. may be used as the thermoplastic resin showing a specific mult-phase structure 
according to the present invention. For this block copolymer, for instance, a block copolymer of at least one polymer of 
a vinyl aromatic monomer with at least one polymer of a conjugated diene may be mentioned. The block copolymer may 
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diene moiety in the block copolymer may ^^^hydrog^^^^^^^ base polymer instead o1 or 

[0048] For such a block copolymer, .t .s acceptable ^° "^^^.^^ ,n^^ case the non-polar conjugated diene base 
nSon to the afore^id non-polar coniugated d.^^^^^^^^^ 

rerSXhatism 

[0049] To improve the heat resistance of the resm rt is preferable to add thereto a non- 

given properties. mnnomer of 4-methylpentene-1 accounts for at least 50% by 

™th,lpentene-1 is pr^eraMe as the that Is an isotaaic poly(4. 

r.S.^rrp::^cu,aM,h,«a.»,,s.acedcn.a,a^^^^^^^ 

Showing a specHic multi-phase structure. J° T^^e poly(4-methylpentene-l) makes heal res«t- 

usepol,(4-me%lpenlene-l) in an amount »° ''^'J^^Tad^^^ metals likely to become ins^icent^ 
?.rrS^^'rrs^STst?af :S:y,4=*^^^ « a^ea . am., w* the a.resa. 

obtained by making a suitable selection from su(*i a range ^^^^.^^ processes wherein a 

[0055] The heat-resistant, low-d.electnc polymeric "^e^ °^ invem o y .^^^ ^ ^^.^ ^.^^ ^^^^^ 

Lin material obtainable from the afor^aid ^^^^X^^^^ ^^^^^^^^^ resin in I molten state by means 

Lrticles or for film lamir«tion purposes. Thus the res-n for high-frequency purposes, 

electronic equipment or parts (resonators. ^^^^^'^^^^^^^^^^^^^^ resonators), supports 

Lb J?ates used so far in the art. More illustraWe y. tHe re- m^^^^^^ ^-S. StV antenna substrates (patch anten- 
50 mounted thereon, copper clad laminates, etc.. to substrat^ w^^^^^ ^^^^^^ ^^^^ ^^^^ 

nas) as well. Also, the resin material of the >nven.on J^^^^'^^^^ 3^ ,oO MHz. 
heat-radiating treatments and are d^gned a metal conductor layer that a conductor 

[0058] For instance, a multilayer substrate may be o^:^'"^ ™ on the outermost layer, and thermally 

L Of copper or other metal between films ^^^^^ ^"^"^^^^^^ conductor film is obtained. Each 

55 fusing the laminate together. In th.s case, too ^ °^2.'^^l,"°3td^^^^ thickness of 100 to 1 .000 for such pur- 
film is obtained as by forming with a thickness of at to a substrate. The copper foil preferably 
poses, in other words, the film includes a Mm having f^^^/^^f,^^^^^^ of the substrate inclusive of the 
used as the metal conductor film has a thickness of 1 8 to 35 jim. The total mic^n 
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multilayer type is usually of the order of 0.1 to 1.6 mm. Occasionally, however, the substrate may have a larger thick- 
ness, and mayJae used with a thickness of about lO.O mm. 

[0059] To form the metal conductor layer to a given pattern, it is acceptable that the metal conductor film is patterned 
to a given shape before close contact. However, when the metal conductor film is brought in close contact with an elec- 
£ trical insulating film by lamination, the metal conductor layer forming the outermost layer may be patterned, and then 
brought in close contact with the insulating film. Alternatively, the metal conductor layer may be etched out upon close 
contact with the insulating film, and then patterned. 

[0060] The metal conductor layer may also be formed as by a vacuum deposition process. 

[0061 ] In addition to the resin material, it is preferable to use a reinforcing filler material used so far for rigid substrates 

10 or the like, e.g., silica powders, alumina powders, and precipitating barium (BaS04) powders within a range undetri- 
mental to the low-dielectric performance (low dielectric constant, and low-dielectric loss tangent) for the purposes of 
controlling heat conductivity and the coefficient of expansion, improving the deposition and close contact of copper or 
the like by plating, and achieving low prices. The reinforcing fillers may be used alone or in combination of two or more. 
[0062] Preferably, the resin material accounts for 10 to 70% by weight of the reinforcing filler-containing film. This 

15 ensures a film or substrate having sufficient strength, low-dielectric performance, and heat resistance. Such a filler con- 
tent is achievable by allowing the resin material to act as resin paste upon lamination of the film or substrate, i.e., the 
resin material to be by itself available in a heat-fusible amount (of at least 10% by weight). 

[0063] The resin material of the invention may be formed into a given shape by molding, compression, and extrusion 
processes, already mentioned, as well as other suitable processes. That is, a suitable selecton may be made from 
20 known processes depending on what purpose the resin material of the invention is used for. It is to be noted, however, 
that the chosen process should be able to form the resin material of the invention at low costs. 
[0064] The heat-resistant, low-dielectric polymeric material provided by the resin material of the invention is preferably 
used in a high-frequency btand of at least 1 MHz. 

[0065] When the electrical performance of the heat-resistant, low-dielectric polymeric material of the invention is rep- 
25 resented by a dielectric constant (c) of at least 1 , and especially 2.0 to 3.0. and a dielectric loss tangent (tan fi) of up to 
0.01, and usually 0.001 to 0.01 . as measured in a high-frequency band of at least 60 MHz, and especially 60 MHz to 
10 GHz, there can be obtained a low-dielectric, electrical insulating material. By forming the polymeric material of the 
invention as a reinforcing filler-containing electrical insulating suttstrate that is an electrical element, it is also possible 
to improve substrate strength, make the coefficient of expansion lower than that of the low-dielectric, electrical insulat- 
30 ing substrate per se, and improve heat conductivity. 

[0066] It is here to be noted that the insulation resistivity of the polymeric material according to the present invention 
is at least 2 to 5 x 10^'' ficm, as represented by volume resistivity in a normal state. In addition, the polymeric material 
of the invention has a high dielectric breakdown strength of at least 1 S KV/mm, and especially 1 8 to 30 KV/mm. 
[0067] The polymeric material of the invention is excellent in heat resistance, and can stand up well to heating tem- 
35 perakire applied for soldering. Thus, the polymeric material of the invention is preferably used not only for substrates 
and electronic parts, but also for housings and casings for which such treatments are needed. 

EXAMPLE 

40 [0068] The present invention will now be explained in further detail with reference to examples. 
Example 1 

[0069] One thousand (1.000) grams of polyethylene (made by Nippon Polyolefin Co., Ltd., and available under the 
45 trade name of G401) were blended with 10 grams of Percumyl D (the trade name of a product made by Nippon Fats 
and Oils Co., Ltd.). Then, the Wend was extruded through a coaxial twin-screw extruder preset at a cylinder temperature 
of 140°C and a screw diameter of 30 mm, and subsequently granulated to obtain a heat-crossiinkable polyetfiylene 
resin. The weight-average absolute molecular weight of the polyethylene was measured with a high-temperature GPC 
(made by Waters Co., Ltd.), and the carbon and hydrogen contents of the resin were determined by elemental analysis, 
so [0070] The resin particles were heat-pressed at 220°C using a heat-pressing machine (made by Ueshima Machine 
Co., Ltd.) to prepare an electrical insulating material test piece of 10 cm x 10 cm x 0.1 cm. Apart from this, an injection 
molding machine was used to prepare test pieces of 1 3 mm x 65 mm x 6 mm as Izod impact test pieces and heat-resist- 
ance-to-solder test pieces. The obtained test pieces were used to make estimation of volume resistivity, dielectric 
breakdown strength, dielectric constant, dielectric loss tangent heat resistance to solder, Izod impact strength, and 
S6 adhesion to metal. Further, the obtained resin pellet was used for the measurement of water absorption. Furthermore, 
the polyethylene resin pressed and heat-crosslinked by the heat-pressing machine was pulverized, and heated in 
xylene to find the degree of crosslinking from its solubility. The testing methods used are described below. 
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Insulation resistance testing (volume resistivity): JIS K 691 1 (at a testing voltage of 500 V). 
Dielectric breakdown testing (dielectric breakdown strength): JIS C 21 10. 
Dielectric constant testing: according to JIS L 1094 B. 
Dielectric loss tangent: according to ASTM D150. 

[0071] For the estimation of heat resistance to solder, a test piece was immersed for 2 minutes in solder heated to 
200°C, 230''C, and 260°C to observe to what degree the test piece was deformed. 

[0072] (Notched) Izod impact strength (referred to as Izod in the following tables, and expressed in kg • cm/cm^ unit): 
JIS K7110. 

[0073] For the estimation of adhesion to metal, a test piece was vacuum-deposited with aluminum, and then lightly 
rubbed with a cloth to investigate the adhesion of the thin film to metal. 
[0074] Water absorption: according to ASTfVI D570. 

[0075] For the estimation of the degree of crosslinking. 1 gram of pulverized resin was placed in 70 ml of xylene, 
heated to 120°C under reflux, and stirred for 10 minutes. Thereafter, the solubility of the resin was observed. 
[0076] For the estimation of formability, the moldafciility of an Izod impact test piece upon an injection molding machine 
and the formability thereof upon a pressing machine, and the moldability of film upon extrusion molding were investi- 
gated. 

[0077] The results of each test are reported in Table 1 wherein the dielectric constant is given by 

electrostatic capacity of test piece as dielectric material/electrostatic capacity of test piece in vacuum Regarding 
the heat resistance to solder, symbols Q, a, and X indicate "no deformation", "partial deformation", and "large 
deformation", respectively, and regarding the adhesion to metal, synnbols O- a^cl ^ indicate "good", "partial 
peeling", and "total peeling", respectively. 

Examples 2 to 4 

[0078] Polyethylene having a weight-average absolute molecular weight of 1 .000, 3.000, and 5,000 was hot-blended 
with Percumyl D as in Example 1 . The obtained resin particles were formed and tested as in Example 1 . The results are 
reported in Table 1 . 

Exanple 5 

[0079] One thousand (1 ,000) grams of polypropylene (made by Nippon Polyolefin Co., Ltd., and available under the 
trade name of J Alloy 150G) were added thereto with 10 grams of divinylbenzene and 0.5 grams of Percumyl D (the 
trade name of the product made by Nippon Fats and Oils Co., Ltd.). The blend was extruded through a co-axial twin- 
screw extruder preset at a cylinder temperature of 1 70°C and a screw diameter of 30 mm, and then granulated to obtain 
a heat-aosslinkable polypropylene resin. The resin was formed and estimated as in Example 1 . The results are 
reported in Table 1 . 
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Table 1 





Example 


1 


2 


3 


4 


5 


5 


Resin 


PE 


PE 


PE 


PE 


PP 




Ratio in the sum of atoms between carbon atoms 


>99 


>99 


>99 


>99 


>99 




Gil lU 1 U^CI 1 Clival IIO y /Oy 












10 


Mnl^kpiilsr wpinhf ^Muu\ 


171000 


1000 


3000 


5000 


300000 


Volume re&ifitivilv ix 10^^fl*cm^ 


3.0 


3.0 


3.0 


3.0 


3.0 




Di^lpctric brAakdown strenath fKV/rnm^ 

i^l CCWI' iw V wCZ (Vw w • > I f 0(1 CI (Mm I yl W / 1 1 m If 


20 


20 


22 


22 


20 




Diplprtric ron^ant 1 GH2 


2.10 


2.06 


2.08 


2.10 


2.10 


15 


U'ldCwll Iw wUl lOLOl 11 ^ V»*ir It 










2.12 




L'leic^u lu uuiisictiii^ vjn^ 


2.08 


2.08 


2.06 


2.08 


2.25 














2.25 


SO 


Dielectric los^ Tsnn&n\ /xlO'^) 1 GHz 


2.40 


2.38 


2.33 


2.30 


0.96 


U\&&dv\c lOaS lanysru lU ^ ^ onz 










0.16 






coo 


9 79 


Ct..CAJ 


9 91 
1 






niftlortrir Incc Tannent /v1^"^^ ^Cl C^VAy 










029 


25 


Heat resistance to solder 200°C 


0 


A 


A 








Heat resistance to solder 230''C 


A 


X 


A 


0 


0 




Heat resistance to solder 260°C 


X 


X 


X 


X 


A 


30 


Izod impact strength (Kg • cm/cm^) 


NB 


NB 


NB 


NB 


9 




Adhesion to metal 


A 


A 


A 


A 


A 




Water absorption (%) 


<0.03 


<0.03 


<0.03 


<0.03 


<0.03 




Formability 


good 


good 


good 


good 


good 


35 


Degree o1 crosslinking (solubility) 


IS 


IS 


IS 


IS 


IS 



NB: No breakdown 
IS: Insoluble 



40 Exanples 6 and 7 

[0080] Polyethylene (made by Nippon Polyolefin Co., Ltd., and available under the trade name of G401), polystyrene 
(made by Mitsubishi K/lonsanto Co., Ltd., arwJ available under the trade name of Dialex HF77) and divinylbenzene at 
70:29: 1 , and 50:49:1 (% by weight) were kneaded together in a molten state. The obtained resins were formed and esti- 
45 mated as in Exanrple 1 . The results are reported in Table 2. 

Example 8 

[0081] Two thousand (2,000) grams of pure water were placed in a stainless autoclave of 5 liters in volume, and 2.5 
50 grams of polyvinyl alcohol as a suspending agent were dissolved in the water. Nine hundred and ninety (990) grams of 
a styrene monomer, 10 grams of divinylbenzene and 5 grams of a polymerization initiator benzoyl peroxide were 
charged and stin-ed in the solution. The autoclave was then heated to a temperature of 80 to 85°C, at which the solution 
was held for 7 hours to bring polymerization to completion. After filtration, water washing and drying gave a styrene- 
divinylbenzene copolymer. The resin was formed and estimated as in Example 1. The results are reported in Table 2. 

55 
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Table 2 



Example 


6 


7 


8 


Resin 


PE/PS/DVB 


PE/PS/DVB 


St/DVB 


(% by weight) 


(70:29:1) 


(50:49:1) 


(99:1) 


Ratio in the sum of atoms between carbon atoms and 


>99 


>99 


>99 


nyorogen aioms \ /o) 








fvioicCUior wwyiii \ivfWj 


171 000/1 4BO0D 


171000/146000 




vUiUmc 1 cololtvlly i U Olll/ 




'\ 0 


0 


uieieciric DreaKuOwn sirenyin ^i\v/mmj 


€-\J 






uieiecinc consiani i unz 








Dielectric constan 2 GHz 








Dielectric constan 5 GHz 


C..OO 






Dielectric constan lO uHz 








uiBicCiric loss langem lu ) i onz 




ft fin 


ft 


Dielectric loss tangent (xio } d onz 


U.O/ 


fi <^Q 
U-O? 


U.Ov 


Dielectric loss iangeni\xiu joonz 




ft 


ft <\ft 


uieiectric loss langenijxiu ^ lu onz 


U. /I 


ft 


ft ft'i 


Heat resistance to solder 200°C 




o 


o 


Heat resistance to solder 230°C 


O 


A 


o 


Heat resistance to solder zeO'C 






o 


Izod impact strength (Kg • cm/cm^) 


12 


8 


1 


Adhesion to metal 


o 


O 


o 


Water absorption (%) 


<0.03 


<0.03 


<0.03 


Formability 


good 


good 


good 


Degree of crosslinking (solubility) 


IS 


IS 


IS 



IS: Insoluble 



40 

Example 9 

[0082] Two thousand and five hundred (2,500) grams of pure water were placed in a stainless autoclave of 5 liters in 
volume, and 2.5 grams of polyvinyl alcohol as a suspending agent were dissolved in the water. Seven hundred (700) 

45 grams of polypropylene (made by Nippon Polyolefin Co., Ltd.. and available under the trade name of J /Mloy 150G) as 
an olefin base polymer were placed and dispersed in the solution under agitation. Apart from this, 1 .5 grams of benzoyl 
peroxide as a radical polymerization initiator and 9 grams of t-butyl peroxymethacryloyloxyethyl carbonate as a radically 
polymerizable organic peroxide were dissolved in 300 grams of styrene as a vinyl aromatic monomer. The solution was 
then charged and stirred in the autoclave. Subsequently, the autoclave was heated to a temperature of 60 to 65°C, at 

50 which the solution was stirred for 2 hours to impregnate the radical polymerization initiator and radically polymerizable 
organic peroxide-containing vinyl monomer into the polypropylene. Then, the temperature was brought up to 80 to 
85'C, at which the solution was maintained for 7 hours to bring polymerization to completion. After filtration, water 
washing and drying yielded a grafting precursor (a). 

[0083] Then, this grafting precursor (a) was extruded at 200°C through a lab plastomill single saew extruder (made 
55 by Toyo Seiki Seisakusho Co.. Ltd.) for a grafting reaction, thereby obtaining a graft copolymer (A). 

[0084] Analysis of graft copolymer (A) by pyrolysis gas chromatography indicated that the weight ratio between poly- 
propylene and styrene is 70:30. 

[0085] At this time, the graft efficiency of the styrene polymer segment was 50.1% by weight. The graft efficiency was 
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found by the ratio betAween the grafted styrene copolymer and the ungrafted styrene polymer extracted with ethyl ace- 
tate using a Soxhiet extractor. 

[0086] The thermoplastic lesin obtained in Example 9 was formed and tested as in Exanple 1. The results are 
reported in Table 3. 

Examples 10 to 18 

[0087] Graft copolymers (B) to (J) were obtained as in Example 9. The compositions of graft polymers upon charging, 
and the results of analysis of compositions by pylolysis gas chromatography are shown in Tables 3 and 4, wherein the 
10 results of tests are also repoi lea Abbreviations in these tables refer to: 

PP: polypropylene J Aiio) i bOO (the trade name of a polypropylene product made by Nippon Polyolef in Co.. Ltd.); 

PE: polyethylene G40 1 (ne trade name of a polyethylene product made by Nippon Polyolefin Co.. Ltd.); 

St: styrene; 

IS DMS: dimethylstyrene. a'xJ 

MSt; methylstyrene 



Tables 



Example 


9 


10 


11 


12 


13 


Graft copolymer 


A 


B 


C 


D 


E 


Connpositions upon c^a'9•n^; rv t>y weight) 


PP:St 


PP.St 


PP:St 


PP:St 


PE:DMS 




70:30 


50:50 


5:95 


95:5 


70:30 


Results of analysis of cor-»»»>v«or» 


PP:St 


PP:St 


FP:St 


PP:St 


PE:DMS 


(% by weight) 


70:30 


50:50 


5:90 


95:5 


70:30 


Ratio in the sum of atorrr. t»*mr^ cart»n atoms and hydrogen 


>99 


>99 


>99 


>99 


>99 


atoms (%) 












Volume resistivity ( « i C " ' 1 1 • t »'■, 


3.1 


3.0 


2.9 


3.5 


3.0 


Dielectric breaKdo*^ '* » 


22 


20 


19 


22 


19 


Dielectric constant i &»-v 


2.27 


2.25 


2.40 


2.15 


2.30 


Dielectric constant 2 G» c 


2.30 


2.25 


2.43 


2.12 




Dielectric constant 5 Ci»v 


2.30 


2.17 


2.38 


2.25 


2.35 


Dielectric constant 10 C^* 


2.26 


2.11 


2.22 


2.13 




Dielectric loss Tang«?»« ? ' ; ' ; »v 


0.84 


1.55 


0.10 


0.91 


2.20 


Dielectric loss Tangert < ic ' r ; *v 


0.52 


1.20 


0.19 


0.88 




Dielectric loss Tango*t ( »C •. 


0.49 


1.20 


0.18 


0.53 


2.15 


Dielectric loss Tangent ( K "■ " C ;»Mr 


0.48 


1.22 


0.22 


0.55 




Heat resistance to soMe> C 


O 


O 


O 


O 


O 


Heat resistance to sohjw C 


O 


O 


O 


O 


O 


Heat resistance to solde* ?tC C 


A 


A 


A 


A 


A 


Izod impact strength (Kg • crvcnr ) 


9 


8 


2 


9 


NB 


Adhesion to metal 


o 


O 


O 


A 


O 


Water absorption (%) 


<0.03 


<0.03 


<0.04 


<0.03 


<0.03 


Formability 


good 


good 


good 


good 


good 


Degree of crosslinking (solubility) 


SW 


SW 


SW 


SW 


SW 



NB: no txeakdown 

SW: siivelling 
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Table 4 





Example 


14 


15 


16 


17 


18 


5 


Graft copolymer 


F 


G 


H 


1 


J 




Compositions upon charging {% by weight) 


PP:PE:St 


PP:St:DMS 


PP:MSt 


PE:St 


PE:St 






40:40:20 


60:20:20 


70:30 


70:30 


50:50 


10 


Results of analysis of compositions 


PP:PE:St 


PP:St:DMS 


PP:MSt 


PE:St 


PE:St 




(% by weight) 


40:40:20 


60:20:20 


70:30 


70:30 


50:50 




Ratio in the sum of atoms between carbon atoms and 


>99 


>99 


>99 


>99 


>99 




hydrogen atoms (%) 












15 


Volume resistivity (xlO^® fi • cm) 


3.1 


3.0 


2.9 


3.5 


3.0 




Dielectric breakdown strength (KV/mm) 


22 


20 


22 


22 


19 




Dielectric constant 1 GHz 


2.28 


2.30 


2.11 


2.08 


2.31 


20 


Dielectric constant 2 GHz 








2.07 


2.34 


Dielectric constant 5 GHz 
Dielectric constant 10 GHz 


2.09 


2.22 


2.10 


2.01 
2.01 


2.27 
2.25 




Dielectric loss Tangent (xic^) 1 GHz 


2.10 


2.18 


1.95 


0.98 


1.29 


25 


Dielectric loss Tangent (xlG"^) 2 GHz 








0.40 


1.07 




Dielectric loss Tangent (xlO'^) 5 GHz 


2.27 


2.23 


2.13 


0.47 


1.06 




Dielectric loss Tangent (xlO'^) 10 GHz 








0.48 


1.10 


30 


Heat resistance to solder 200°C 


O 


O 


O 


O 


O 


Heat resistance to solder 230°C 


O 


O 


o 


O 


O 




Heat resistance to solder 260°C 


A 


A 


A 


A 


A 




Izod impact sto-ength (Kg • cm/cm^) 


15 


8 


9 


NB 


NB 


35 


Adhesion to metal 


O 


o 


o 


A 


O 




Water absorption (%) 


<0.03 


<0.03 


<0.03 


<0.03 


<0.04 




Formability 


good 


good 


good 


good 


good 


40 


Degree of crossiinking (solubility) 


SW 


SW 


SW 


SW 


SW 



NB: no breakdown 
SW: swelling 



45 Example 19 

[0088] Two thousand and five hundred (2,500) grams of pure water were placed in a stainless autoclave of 5 liters in 
volume, and 2.5 grams of polyvinyl alcohol as a suspending agent were dissolved in the water. Eight hundred (800) 
grams of polypropylene (made by Nippon Polyolefin Co., Ltd., and available under the trade name of J Alloy 150G) as 

50 an olefin base polymer were placed and dispersed in the solution under agitation. Apart from this, 1 .5 grams of benzoyl 
peroxide as a radical polymerization initiator and 6 grams of t-butyl peroxymethacryloyloxyethyl carbonate as a radically 
poiymerizable organic peroxide were dissolved in a mixed solution consisting of 100 grams of divinylbenzene and 100 
grams of styrene as a vinyl aromatic monomer. The solution was then charged and stirred in the autoclave. Subse- 
quently, the autoclave was heated to a temperature of 60 to 65°C, at which the solution was stin-ed for 2 hours to impreg- 

55 nate the radical polymerization initiator and radically poiymerizable organic peroxide-containing vinyl monomer into the 
polypropylene. Then, the temperature was brought up to 80 to 85°C, at which the solution was maintained for 7 hours 
to bring polymerization to completion, followed by water washing and drying, thereby obtaining a grafting precursor (b). 
[0089] Then, this grafting precursor (b) was extruded at 200°C through a lab piastomill single screw extruder (made 
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by Toyo Seiki Seisakusho Co.. Ltd.) tor a grafting reaction, thereby obtaining a graft copolymer (K). 
[0090] Analysis of graft copolymer (K) by pyrolysis gas chromatography indicated that the weight ratio between poly- 
propylene, divinylbenzene and styrene is 80:10:10. 

[0091] At this time, the graft efficiency of the divinylbenzene-styrene copolymer vvas 50.1% by weight. 
s [0092] Graft copolymer (K) obtained herein, too. was tested as in Example 1 . The results are reported in Table 5. 

Examples 20 to 24 

[0093] Graft copolymers (L) to (P) were obtained as in Example 1 9. The compositions of graft polymers upon charg- 
10 ing. and the results of analysis of compositions by pyrolysis gas chromatography are shown in Table 5. wherein the 
results of tests are also reported. Abbreviations in the table refer to: 

PP: polypropylene J Alloy 150G (the trade name of a polypropylene product made by Nippon Polyolefin Co.. Ltd ); 
PE: polyethylene G401 (the trade name of a polyethylene product made by Nippon Polyolefin Co., Ltd.); 
IS DVB: divinylbenzene; 
St: styrene; and 
DMS: dimethylstyrene. 
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Example 25 

[0094] Two thousand and seven hundred (2.700) grams of poly(4-methylpentene-1) (made by Mitsui Petrochemical 
Industries, Ltd., and available under the trade name of TPX RT18 and 300 grams of graft copolymer (A) obtained in 
Example 1 were mixed together in a molten state. In this melt mixing, the resins were dry-blended together, then 
extruded through a co-axial twin-screw extruder preset at a cylinder tenperature of 250°C and a screw diameter of 30 
mm, and finally granulated to obtain a resin (a). 

[0095] Resin (a) obtained herein, too, was tested as in Example 1 . The results are shown in Table 6. 
Examples 26 to 34 

[0096] Resins (b) to (j) were obtained as in Example 25. The types and ratios of poly(4-methylpentene-1) and graft 
copolymers blended are shown in Tables 6 and 7, in which the results of tests are also shown. 



Table 6 
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Table 7 



Example 
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Examples 35 to 40 

10097] One (1) % by weight of divinylbenzene and 0.01% of Percumyl D (the trade name of a product made by Nippon 
Fats and Oils Co., Ltd.) were added to graft copolymer (A), (B), (C), (D), (E), and ( I). These resins were formed and esti- 
mated as in Example 1 . The results are shown in Table 8. 
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Table 8 
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Comparative Examples l to 4 

[0098] Polypropylene J Alloy 1 50 G (the trade name of a polypropylene product made by Nippon Polyolef in Co. .Ltd.), 
polyethylene G401 (the trade name of a polyethylene product made by Nippon Polyolef in Co., Ltd.), polystyrene Dialex 
HF77 (the trade name of a polystyrene product made by Mitsubishi Monsanto Co., Ltd.), and polypropylene and poly- 
styrene at 70:30 (% by weight) were mixed together in a molten state. The resins were formed and estimated as in 
Example 1. The results are sbiown in Table 9. 
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Table 9 
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40 

Comparative Examples 5 to 9 

[0099] Ethylene-ethyl acrylate copolymer (EEA) DPDJ91 69 (the trade name of a copolymer product made by Nippon 
Unicar Co., Ltd.), ethylene-vinyl acetate copolymer (EVA) Ultracene 751 (the trade name of a copolymer product made 

45 by Toso Co., Ltd.), ethylene-glycidyl methacrylate copolymer (EGMA) RA3150 (the trade name of a copolymer product 
made by Nippon Polyolefin Co., Ltd.), polycartxjnate (PC) Yupiron E2000 (the trade name of a polycarbonate product 
made by Mitsubishi Gas Chemical Conpany, Inc.), and polyphenylene oxide (PPO) NoiyI SE1 (the trade name of a 
polyphenylene oxide product made by GE Plastics Co., Ltd.) were used for the same estimation as in Example 1 . The 
results are shown in Table 10. Comparative Example 10 

50 [0100] Ten (10) grams of divinylbenzene and 0.5 grams of Percumyl D (the trade name of a product made by Nippon 
Fats and Oils Co., Ltd.) were added to 1,000 grams of PP wax having a weight-average absolute molecular weight of 
900, which were in turn extruded through a co-axial twin-saew extruder preset at a cylinder temperature of 170''C and 
a screw diameter of 30 mm, arvJ then granulated to obtain a heat aosslinkable polypropylene resin. This resin was 
formed and estimated as in Example 1. The results are shown in Table 10 wherein abbreviations refer to: 

55 

EEA: ethylene-ethyl acrylate copolymer; 
EVA: ethylene-vinyl acetate copolymer; 
EGMA: ethylene-glycidyl methacrylate copolymer; 
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PC: polycarbonate; and 
PPO: polyphenylene oxide. 
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Comparative Examples 1 1 to 15 

10101] Graft copolymers (Q) to (U) were obtained as in Example 19. The compositions of graft copolymers upon 
charging, and the results of composition by pyrolysis gas chromatography are shown in Table 1 1 , wherein the results of 
tests are also reported. Abbreviations in the table refer to: 

PP: polypropylene; 

PE: polyethylene; 

PS: polystyrene; 

EEA: ethylene-ethyl acrylate copolymer DPDJ 91 69 (the trade name of a product made by Nippon Unicar Co., Ltd.); 

EVA: ethylene-vinyl acetate copolymer Ultracene 751 (thetrade name of a product made by Toso Co , Ltd.); 

EGMA: ethylene-glycidyl methacrylate copolymer RA3150 (the trade name of a product made by Nippon Polyolefin 

Co., Ltd.); 

DVB: divinylstyrene; 

St: styrene; 

HEM A: hydroxypropyl methacrylate; and 

AN: acrylonilrile. 
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[0102] From the results in Tables 1 to 11 , it is found that the resin materials of the invention are superior in perform' 
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ance to those according to the comparative exartples. Resin materials departing from the scope of the invention 
regarding the number of carbon, and hydrogen atoms have a large dielectric loss tangent, and resin materials having 
no chemical bond betw/een resin molecules or departing from the scope of the invention regarding molecular weight are 
poor in heat resistance, and insufficient in terms of close contact with metals, and strength as well. 

5 

Example 41 

[01 03] Graft copolymer (P) obtained in Example 24 of the invention was formed into a substrate of a given shape, and 
copper foils, each of 18 in thickness, were then thermally fused onto both sides of the substrate to obtain a double- 
to sided copper-clad substrate of a thickness of t = 0.8 mnn. a length of 60 mm and a width of 80 mm). Teflon CGP500 
(made by Chuko Kasei Kogyo Co., Ltd.), BT resin (vinyltriazine resin CCL-HL870 made by Mitsubishi Gas Chemical 
Company. Inc.), polyphenylene oxide PRO (R4726 made by Matsushita Electric Works. Ltd.), and polyphenylene ether 
PPE (CS3376 made by Asahi Chemical Industry Co., Ltd.) were used to prepare substrates. Each of these substrates 
was etched on one side alone to mount a ring resonator 1 of 38 mm in (inner) diameter and 2 mm in width, an exciter 
IS electrode 2 and a detector electrode 3 in a substrate S, as depicted in Fig. 2. The amount of coupling between the ring 
resonator 1 and the exciter electrode 2 and detector electrode 3 was regulated such that the amount of attenuation at 
each resonance point was found to be -30 dB or greater by actual measurement of passing characteristics. To observe 
resonance at frequencies including harmonics, it is to be noted that the exdter electrode 2 and detector electrode 3 
were located asymmetrically with respect to each other, as shown in Fig. 2. It is also to be noted that the exciter elec- 
ts trode 2 was spaced 21 .5 mm away from the center of the ring resonator, and located with respect to a circular arc seg- 
ment corresponding to 15 degrees of the ring resonator, as illustrated. 

[01 04] There is a minute difference in the dielectric constant between sut>strates, which gives rise to a slight difference 
in the energy radiated in the air therebetween. This is also true of the case where the substrates are actually used as 
circuit tx>ards, etc. In the present invention, therefore, a Q value of a resonator substrate under no load, with such a dif- 
25 ference included therein, was found. 

[0105] For a measuring device. HP-8753D made by Hewlett-Packard Co. was used. 
[01 06] Q values of the substrates found at some frequencies are plotted in Fig. 2. 

[0107] From Fig. 2, it is understood that the substrates using graft copolymer (P) of the invention have a higher Q 
value in a high-frequency band of 1 to 6 GHz. 
30 [0108] The Cu tensile strength, etching resistance and coefficient of linear expansion a of graft copolymer (P) of the 
invention were also estimated. Consequently, the graft copolymer was found to be on satisfactory levels. As would be 
expected from the fact that the graft copolymer of the invention shows good close contact with an Al deposited film, it 
also showed good close contact with Cu. 

35 Cu tensile peel strength 

[0109] For peeling testing, Cellotape viras used to peel an external conductor copper foil from a test piece of 1 00 mm 
in length, 10 mm in width and 1 .2 mm in thickness through 180 degrees. The test piece was rated as excellent when 
force of 2.0 kg/cm^ or greater was required for peeling. 

40 

Etching resistance 

[01 1 0] To make estimation of the state of a substrate sample, the sample was immersed in a 10 wt% solution of ferric 
chloride at 25°C for 72 hours. The substrate sanple was rated as excellent when it was free of blistering and showed 
45 no gloss degradation. 

[01 11] The coefficient of linear expansion was measured by a TMA method. A sample was rated as excellent when 
the coefficient of linear expansion was on a level of lower than 100 to 120 ppmAC in a temperature range of 20 to 
200°C. 

so Example 42 

[01 1 2] Instead of graft copolymer (P), resin (a) obtained in Example 25 of the invention was estimated as in Example 
41 . Consequently, excellent results as in the case of the substrate using graft polymer (P) were obtained. 

55 Example 43 

[0113] A substrate was prepared following Examples 41 and 42 with the exception that a suitable reinforcing filler 
agent selected from alumina, crystalline silica, etc. was added to graft copolymer (P) in such an amount as to account 
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for 35% by weight of the whole. The substrate was estimated as in Example 41 . Consequently, similar excellent results 
were obtained. .Further, it was found that some improvements are obtained in terms of a, Cu tensile peel strength, and 
heat conductivity. Furthermore, it was possible to reduce a to a level of 30 ppmT'C or lower by increasing the amount 
of the reinforcing filler agent to 60 to 90% by weight. 

5 

Example 44 

[0114] Such a chip inductor as shown in Fig. 4 was prepared through the following steps. 

TO 1) Resin (a) obtained m E xampie 25 of the invention was extruded into a rod member of 1 mm in diameter and 20 
cm in length. 

2) A 20 txm-thick coppet io<i was coated on the above rod member by means of electroless plating, and electroplat- 
ing. 

3) The coated copper wa<> i vnvved in a helical form, using a laser processing machine. The remaining copper foil 
15 was 200 fim in width anU 400 urn in pilcfi. 

4) To protect the coppv« M rwo layers of resin were coated thereon in such a manner that an end face of the rod 
member was 1 .2 mm iQoA< e CX ttie layers, resin (a) of the invention was used for the inner layer, and fumaric acid 
ester resin capable of t>e>-»Q M^iy removed by use of a solvent (toluene, xylene or the like) was used for the outer 
layer. The size 1.2 mrr scua<c was that of the outer resin layer. 

so 5) The above rod montjo- was cut into a length of 2 mm. 

6) The cut section wat cc^;«d wtth copper by means of electroless plating to form an electrode thereon. 

7) For removal o1 coprv OKO&^teO on the sides, the resin layer used at 4) was removed with a solvent. 

8) The end faces we"* p-cvkj^cJ mereon with electrodes by means of Ni-Cu plating. 

25 [01 1 5] Nickel or otn« pui.'>3 at* «<t to the electrodes applied on the end faces was omitted in this example. 

[01 1 6] As shown in Fig 4 r>- rxjs. obtained 201 2 diip inductor, shown generally at 10. comprises a bobbin (rod mem- 
ber) 1 1 and a conductoi I to' wouna helically around the bot)bin. This chip inductor is housed in a box form of hous- 
ing member (resin) 13 *nr^ fiH^tooes 14 and 14 mounted on both its end faces. 

[0117] The self resorw* r » t-ij^ncy and coil Q factor of suc^ a 2012 chip irxJuctor were measured using HP-8753D 
30 made by Hewlett-PacKi»c3 r-c C-or»5M<»uently, they were found to be on practical levels. 

Example 45 

[0118] Similar estimabcr touowing Example 44 with the exception that graft copolymer I obtained in Exam- 

35 pie 40 and further croisjt.!.*.- r-.'B was used in place of resin (a) of the invention. The results were equivalent to 

those obtained win leijr : * fv^nton. 

ADVANTAGES OF TMt ff^.l S'» "i 

40 [0119] As detailed m r»» *.» f»eat-resistant, low-dielectric polymeric material of the invention is low in terms 

of dielectric constant ana ungent, excellent in heat resistance to solder, high in terms of processabilities 

such as formability and »«^» » %» •r>gm. and shows excellent adhesion to metals, etc. Thus, the polymeric material 
of the invention is esu«cM*« « » ai«>cations where electrical insulating properties, heat resistance to solder, and 
mechanical physical piavw* • • •->*«otsd. e.g., for printed wiring boards, and parts for computers, and can provide 

45 substrates or electronic p* » •^•.w^ •rTfoved performance. 

Claims 

1 . A heat-resistant. low-<»eMK«c potymeric material that is a resin composition comprising one or two or more resins 
so having a weight-average at>u^« molecular weight of at least 1 ,000, wherein a sum of carbon atoms and hydrogen 

atoms in said composition is at >east 99%, and some or all resin molecules have a chemical bond therebetween. 

2. The heat-resistant, low-dielectnc polymeric material according to claim 1, wherein said chemical bond is at least 
one bond selected from aosslmking. block polymerization, and graft polymerization. 

S5 

3. The heat-resistant, low-dielectric polymeric material according to claim 1, wherein said resin composition is a 
copolymer in which a non-polar a-olef in base polymer segment and/or a non-polar conjugated diene base polymer 
segment are chemically combined with a vinyl aromatic polymer segment, and which shows a multi-phas struc- 
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ture wherein a dispersion phase formed by one segment is finely dispersed in a continuous phase formed by 
another segment. 

4. The heat-resistant, low-dielectric polymeric material according to claim 3, which is a copolymer with said a-olefin 
base polymer segment chemically combined with said vinyl aromatic polymer segment. 

5. The heat-resistant, low-dielectric polymeric material according to daim 3 or 4, wherein said vinyl aromatic polymer 
segment is a vinyl aromatic copolymer segment containing a monomer of divinylbenzene. 

6. The heat-resistant, low-dielectric polymeric material according to claim 4 or 5. which is a copolymer chemically 
bonded by graft polymerization. 

7. A heat-resistant, low-dielectric polymeric material, wherein a non-polar a-olefin base polymer containing a mono- 
mer of 4-methyipentene-1 is added to the resin composition according to any one of claims 1 to 6. 

8. The heat-resistant, low-dielectric polymeric material according to any one of claims 1 to 7, which is used in a high- 
frequency band of at least 1 MHz. 

9. A film of at least 50 in thickness, which is obtained using the heat-resistant, low-dielectric polymeric material 
according to any one of claims 1 to 8. 

10. A substrate otjtained by lamination of films, each according to claim 9. 

11. The film according to claim 9, which is used in a high-frequency band of at least 1 MHz. 

12. The substrate according to claim 10. which is used in a high-frequency band of at least 1 MHz. 

13. An electronic part, which is obtained using the heat-resistant, low-dielectric polymeric material according to any 
one of claims 1 to 8 and used in a high-frequency band of at least 1 MHz. 

14. A heat-resistant resin article obtained by forming the heat-resistant, low-dielectric polymeric material according to 
any one of claims 1 to 8 into a given shape. 
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FIG. 4 
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